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ELBCTROCHHQBTOY 

HCN  ELECTOOIES  ON  NOBLE  METALS  (*) 

(A  paper  by  Eraestina  Paglia  Dublnl  and  Enrico  Padula,  presented 
(*+)  by  Livio  Cambi,  Member) 

/Following  is  a  translation  of  an  article  in  the  Italian - 
language  periodical  Rendicontl  dell1  Accadenda  Hazlonale 
del  Llncei  (Class  de  Scienze  fisiche,  matematlchc ,  e 
natural!^  (Reports  of  the  Accademla  Nazlonale  del  Lined, 
Classes  in  the  Physical,  Mathematical  and  Natural  Sciences), 
Series  vm,  Vol  XXVIII,  Ease.  1,  Jan  i960,  pages  63-68^7 

1.  The  research  on  which  we  are  reporting,  as  advised  by 
Professor  L.  Canibi,  is  an  outgrowth  of  published  inquiries  into  the 
reactions  between  HCN  and  certain  noble  metals  in  the  presence  of 
oxygen,  concentrating  chiefly  on  Au  and  Hh.(l) 

We  have  already  referred  to  the  Au/HCN  electrodes  that  were 
established  In  buffered  hydrocyanic  solutions  of  a  given  pH. 

We  were  led  to  extend  our  experiments  by  the  relative  ease 
of  reproducing  these  electrodes,  and  the  specificity  of  the  paten-, 
fials,  which  differ  from  metal  to  metal. 

The  procedures  we  shall  describe  have  to  do  with  the  follow¬ 
ing  metals:  Hg,  Au,  Ag,  Pt,  and  Pd. 

Accurate  interpretation  of  the  processes  for  the  electrodes  in 
sueetion  involves  considerable  difficulty.  In  this  paper  we  shall  ex¬ 
plain  the  experimental  data  which,  so  far  as  we  know,  have  not  yet 
been  published  by  other  authors.  The  hypothesis  requires  further  - 
experiment 


2.  The  hydrocyanic  electrodes  we  examined  were  constituted  of 
the  metal  under  consideration,  inner sed  in  the  buffered  solutions  at 
a  given  pH,  and  containing  HCN  in  the  concentrations  indicated. 


!  *■  <  Research  performed  at  the  Metallurgical  Chemistry  Center  of  the 
pH" tonal  Research  Council,  Milan  University. 

(*-+)  :  the  eesdion  of  16  January  i960. 

( l’  L.  Cambi,  these  "Reports,"  XXTV,  129  (1958);  L.  Caafoi  and 
E.  Paglia,  idem,  XXVII,  b28  (1959) 


Host  of  the  testa  were  performed  with  2CH  at  0.5  moll/l. 

Air  vm  exploded ,  We  worked  la  an  Ar  atmosphere  j  even  the  hotfer 
eatesr&iioa  wag  performed  "by  means  af  slew  currents  of  SOH  i m  Ar « 

The  hydrojeanic  electrode*  were,  in  almost  every  ease,  placed 
«®poesite  to  the  cala iMrws  eleetrodes,  ia  the  same  buffer,  and  ve  meas¬ 
ure*  the  easf  of  the  pairs* 
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He  SL,  values  we  record,  were  the  remit  of  subtracting  the  eMsi<* 
drone  pofemtml  frm  the  eaf  of  tha  couple.  S*®le  1  shews  the  1  poteia* 
tialUs  of  the  eleetro&e#,  ih  each  of  tbs  metals  considered,  as  a  “function 
of  tbs  pa. 
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It  is  generally  known  that  elimination  of  easygext  from  an  electro™ 
lyte  is  very  difficult  to  achieve,  av«a  with  the  finest  experimental 
equipment,  therefore,  ia  our  work,  too,  it  Is  probably  traces  of  oxygen 
that  cammed  the  relatively  fast  estabHabaent  of  the  electrodes,  by  me  ana 
of  proses#®*  that  might  he  diagrammed  as  follows; 

2m  *  sms  f  (O)  SHeCW4-  %G. 

W&  observed  that  the  accidental  intervention  of  Air,  eves  in  minute 
asasmfes,  eaa  markedly  alter  the  potentials .  Gold  proved  to  he  moat  s*nai« 
tivs  to  oxygen,  even  in  trace  amounts  3  particularly  in  the  buffers  with 
loser  pi,  the  potentials  oscillate  between  extremes  m  the  order  of  0,03 
to  o.Qkv,  ae  we  sb&ll  shew  later. 

- fba  Bofeentials  naually  were  established  within  3  hours,  and 

reached  sufficiently  stable  levels.  Over  Img  periods  of  time,  they 
dhamgad. 


Tk&  diagrams  in  Figure  I  shew  fairly  acearately  that  the  hfirscy- 
mss  elceteraie®  behave  like  hydrogen  ele strode© s  they  are  ia  practical., 
ly  iJreet  jpoporiim  to  the  pi  involved. 

1 he  grqgHSrfeisuaSity  factor,  however,  differs  with  the  different 
metals,  and  we  mast  introduce  a  special  coefficient  for  every  single 
metal,  wtsloh,  we  indicate  with  T  » 

On  in  empirical  basis,  the  first  process  considered  vm-s 

4. 

A)  HeCiAf-  S  4*  e  ^  Me  4-  OSH. 


sot  satisfactory,  because  it  would  iaply  a  directly  proportional  rela¬ 
tionship  with  the  pH  at  a  constant  concentration  of  ECU.  The  straight 
lijaes  in  the  Magraas  of  Figate  I  are  not  parallel. 

Therefore  we  took  the  expressions 

%e  s  Eo  4  ^  "4*  ~  t  rsm? 

which  eaa  he  led  to 

m)  a*.  sj^  -  x  -ram 

with  201  being  oaaetaat . 

m  conclusion,  we  find  that  the  potentials  act  as  if  they  oorres.* 
ponded  to  a  process  of  type  (A)  fifes sure,  hut  with  activity  coefficient  fee? 
the  different  from  1  and.  specific  for  each  aetal. 

Frm  the  eagle  a f  the  straight  lines  in  the  dl&graas  oa  Figure  I. 
vis  find  the  following  values: 


a  18°  C 


It  Is  probable  that  various  processes  ere  involved  in  polarization, 
sM  have  a  caseiiatlve  afreet  on  it.  Ve  are  not  able  to  define  these  pro¬ 
cesses  at  present. 


We  also  considered  the  effect  of  the  formation  of  eyano-cowleat 

negative  ions* 

MaCl  f  BDH  ^ . >  jMs(C»}j  "  -j~  H+' 

But  here  again,  the  process  as  such  would  isply  the  identity  of  the 
proportionality  coefficient  to  pH  for  such  complex  anions,  and  this  does 
not  occur,  a s  ®an  he  seen  fraa  the  Au  and  Ag  electrodes. 

Sven  having  aside  the  question  of  complex  anion  formtism,  the 
coefficient  is  not  In  relation,  at  least  directly,  with  the  valence  the 
roetal  takes  on  as  a  cyanide.  The  straight  lines  far  Hg  sag  Pd  ia  the 
Figiire  X  disgraas  are  not  parallel,  although  we  say  as  suae  that  both  ant- 


The  results  are  liuranari/.c  uin  the  following  table; 
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Figure  1 


